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Background: The color Doppler twinkling artifact is manifested as a rapidly
changing mixture of red and blue colors behind a strongly reflecting structure. The
effects of the roughness of the reflecting surface and the Doppler angle on the
intensity of the twinkling artifact have never been quantitatively reported before.
In this study, a simple in vitro system with reproducible results was established
to observe the effects of these two factors on the strength of the twinkling artifact.
Materials and Methods: Six different grits of water sandpapers were simultaneously
scanned in a water bath with a fixed probe. In part 1, the computer calculated the
pixels of color Doppler twinkling artifact behind each water sandpaper. In part 2,
the signals of twinkling artifacts with different sandpaper sizes and different Doppler
angles were recorded and analyzed.
Results: In part 1, the twinkling artifact was identified persistently and more
intensely behind water sandpapers that had greater surface roughness. In part 2,
different Doppler angles revealed less obvious effects on the strength of the twinkling
artifacts in a certain range of angles, but would drastically decrease the intensity
in the steeper angles.
Conclusions: We have established a simple model system with water sandpapers
for the evaluation of the twinkling artifact. Our data confirmed the assumption that
the roughness of the reflecting surface is directly related to the strength of the
twinkling artifact. In addition, the Doppler angle affects the intensity of the artifact,
but only in the steeper angles.
(J Med Ultrasound 2004;12:119–24)
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INTRODUCTION
The color Doppler twinkling artifact is manifested
as a rapidly changing mixture of red and blue colors
behind a strongly reflecting structure [1]. The effects
of the roughness of the reflecting surface and the
Doppler angle on the intensity of the twinkling
artifact have never been quantitatively reported before.
In this study, a simple in vitro system with
reproducible results was established to observe the
effects of these two factors on the strength of the
twinkling artifact. Understanding of the twinkling
artifact may result in its better usage for clinical
applications.
MATERIALS AND METHODS
All scanning was performed using a LOGIQ 9
sonography machine (GE Healthcare, Milwaukee,
WI, USA) with a M12L matrix array wide band
linear probe (14 MHz). In part 1, six different grits
of water sandpapers (Figs. 1 and 2) were simultane-
ously scanned in a water bath with a fixed probe.
In color Doppler sonography, a red-and-blue color
map was used. The color window size was adjusted
to entirely cover the water sandpapers, as well as
to cover all the twinkling artifacts that were seen
behind the water sandpapers. The Doppler frequency
was set at 5 MHz, which is the default setting for
the transducer. The pulse repetition frequency and
the wall filter were set at 3.0 kHz and 376 Hz,
respectively. The color gain was 20% and the gray-
scale gain was 1. The color-write priority was set
at 90%. The computer (using MATLAB software
v.6.5, MathWorks Inc., USA) calculated the pixels
of color Doppler twinkling artifact behind each water
sandpaper.
In part 2, six different grits of water sandpapers
(numbers 180, 240, 320, 600, 800, and 1,200) were
scanned in a water bath with a fixed probe (Fig. 3–
5). Here, if the ultrasound beam was positioned
perpendicularly to the water sandpapers, the Doppler
angle was defined as ‘0$’. If the ultrasound beam
deviated q degrees from 90$, the Doppler angle was
defined as “e” (Fig. 6). Thus, the signals of twinkling
artifacts with different sandpaper sizes and different
Doppler angles (from 0–90$) were recorded and
analyzed.
The parameters of the other gray-scale and color
Doppler ultrasound were similar in part 1 and part
2, except the usage of maximal color-write priority
(100%) and the setting of the width of the effective
color window at 0.2 cm in part 2 (those signals that
were seen in the monitor but out of the effective
window were not calculated).
Five different data for each situation were
collected at random. The total number (raw data)
of color pixels in each column was calculated by
the computer. The raw data were corrected with
Fig. 1. Photograph of the water sandpaper used. This
is an extra fine silicon carbide water sandpaper. The
number 320 (arrows) refers to the size of the grit (CAMI
standard), representing the average particle size of
0.00140 inch or 36 mm.
Fig. 2. Close-up of the water sandpapers. Six columns
of different grit sandpapers were lined from coarse to
fine (left to right); the grit sizes range from 180 (78.0
mm), 240 (58.5 mm), 320 (36.0 mm), 600 (25.75 mm),
800 (21.8 mm), to 1,200 (15.3 mm). Each column of
sandpaper is 3 mm in width and 30 mm in length. The
gap between two adjacent columns is 1 mm.
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with greater surface roughness (e.g. number 180 or
240) than that of lesser surface roughness (e.g. number
800 or 1,200) (Fig. 7). The number of color pixels
behind each water sandpaper had a positive linear
relationship with the roughness of the reflecting
surface (r = 0.92) (Fig. 8).
In part 2, different Doppler angles revealed less
obvious effects on the strength of the twinkling
artifacts in a certain range of angles, but would
decrease the intensity drastically in the steeper angles
(Fig. 9). More than 50% signal intensity of maximal
mean twinkling can be retained when the Doppler
angle was less than 65$ for number 180 water
sandpaper, 65$ for 240 water sandpaper, 70$ for 320
water sandpaper, 70$ for 600 water sandpaper, and
65$ for 800 water sandpaper. The results of number
1,200 water sandpaper are not shown because the
twinkling artifact behind the sandpaper of this size
was too small to be recorded, regardless of the
Doppler angle.
DISCUSSION
Although many materials, including urinary stones,
coil and wire mesh have been studied in vitro for
the evaluation of the twinkling artifact, the effects
of roughness of the reflecting surface cannot be
easily verified due to various technical settings. For
this purpose, emery paper was used by Rahmouni
Fig. 4. Photograph of the water bath used in part 2
experiment. A M12L matrix array wide band linear
transducer is packaged by a latex examination glove
(white arrow) and held by a ring clamp (black arrow).
A stainless protractor (white arrowhead) is fixed by a
vise (black arrowhead) within the water bath.
Fig. 3. Closer view of the water sandpapers used in part
2 experiment. Different grits of water sandpapers (white
arrows) are bound to stainless strips (black arrows).
Each strip is then bound to the stainless protractor. The
numbers (white arrowheads) indicated on the stainless
strips refer to the sizes of the grits (CAMI standard).
cosine e. So, the result of raw data = cosine e
indicated the twinkling artifact signal intensity per
area.
RESULTS
In part 1, the twinkling artifact was persistently
identified and more intensely behind water sandpapers
Fig. 5. Water bath used in part 2. Each water sandpaper
(arrow) is scanned with a linear probe. The incidence
angle of the ultrasound beam can be controlled by the
rotation of the protractor (arrowhead). The center of the
water sandpaper is scanned at a fixed distance of 3.5
cm from the transducer.
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Fig. 6. Illustrations of the Doppler angles. When the
ultrasound beam is perpendicular to the water sandpaper,
the Doppler angle is defined as ‘0$’ (A). If the ultrasound
beam deviates 25$ or 60$ from 90$, the Doppler angle
is defined as ‘25$’ (B) or ‘60$’ (C), respectively. Arrows
in the figures indicate ultrasound beams and the
arrowheads represent water sandpapers.
A
C
B
Fig. 7. Illustration of the strength of the twinkling artifact
and the roughness of the reflecting surface. Six columns
of different grits of sandpapers were lined from coarse
to fine (left to right); the sequence went from 180, 240,
320, 600, 800, to 1,200. Twinkling artifacts were identified
more strongly behind water sandpapers with greater
surface roughness than that with lesser surface roughness.
et al, but the effect of roughness of this material
was not accurately discussed [1].
The term “sandpaper” generally means an abrasive
grit on flexible-backed sheets used to smooth various
types of materials. The actual sandpaper (i.e. backing
paper covered with grains of sand) is no longer
available commercially, but has been replaced by a
Fig. 8. Illustration of the relationship between the particle
size of water sandpapers (roughness of the reflecting
surface) and the strength of the twinkling artifact.
Regression equation is y = 146.3 = –516.2. There are
five different experiments (black diamonds) carried out
on each sandpaper. The number of color pixels behind
each sandpaper has a positive linear relationship with
the roughness of the reflecting surface (r = 0.92).
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backing sheet covered with glass, aluminum oxide,
silicon carbide, garnet or any other specialized grit
[2]. Sandpaper has three main components: the
abrasive grit, the backing material, and the bonding
agents (the glue that attaches the abrasive to the
backing paper). Water sandpaper uses waterproof
paper and adhesive, including the silicon carbide
paper, and is suitable for wet sanding. Thus, water
sandpaper is an ideal material for use in water bath
and also suitable for this study.
Grits run in sequence from coarse to fine as their
numbers increase. There are two standards for grit
sizes: the American standard, based on the Coated
Abrasive Manufacturers’ Institute, and the European
standard, based on the Federation of Euro-pean
Producers of Abrasives. In our study, all the water
sandpapers used were made of the same material
Fig. 9. Representative graphs illustrating the relationship
between the Doppler angle and the strength of twinkling
artifact. The strength of the twinkling artifact with different
roughness of the reflecting surfaces and different Doppler
angles (from 0$–90$) were analyzed. The ‘n’ value at the
top of each figure represents the grit of the water
sandpaper. Each point stood for five different experiments.
A D
but were different in grits (roughness). With this
system, the relationship between signal intensity of
this artifact and roughness of the material could be
easily analyzed.
The signal intensity of the twinkling artifact has
been previously discussed. The first classification
was made by Rahmouni et al into three grades
(absence of twinkling = 0, weak twinkling = +, and
strong twinkling = ++) [1]. Chelfouh et al also
discussed signal intensity with three grades (graded
0: if the twinkling artifact is absent, graded 1: if
the artifact occupies a portion of acoustic shadowing,
and graded 2: if the artifact occupies the entire
acoustic shadowing) [3]. We have followed the latter
classification system, and calculated the total number
of color pixels by the software, following the methods
of Kamaya et al [4].
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In general, specular reflection follows the rule
that the angle of incidence is equal to the angle of
reflection. Thus, to see the boundaries using specular
reflections, the ultrasound beam should be per-
pendicular to the interface. Although the amount of
energy in the reflection may be constant, angling
the beam rapidly decreases the strength of the
echo signal (for more than 3$ of incidence beam,
there is a loss of more than 50% of reflection
amplitude) [5]. Besides, according to the Doppler
equation Df = 2 (F0/c)V cosine e, Doppler shift will
lose more than 50% when the Doppler angle is more
than 60$ [6]. However, the angle between the ultra-
sound beam and the objects seem to be less effective
on the strength of the twinkling artifacts in a certain
range of angles. The exact reasons for this remains
unclear.
Ultrasound is mainly used for renal stones. Small
stones present a diagnostic problem because those
echogenic focuses of stones are hard to separate
from the echogenic renal sinus itself [7]. Efforts
should be made to identify a shadow by using a
high-frequency transducer by viewing the stone from
different locations. Hence, color Doppler imaging
can help because some stones will produce twinkling
artifacts. Furthermore, from our study, it appears
that the angle between the ultrasound beam and the
objects seems less effective on the strength of the
twinkling artifacts in a certain range of angles. This
may increase the acceptability of color Doppler
imaging in the clinical usage for small renal stones.
There were two limitations in our study. First,
although the distance between the center of water
sandpaper and the transducer was kept constant in
part 2, the distance between the peripheral regions
of water sandpaper and the transducer always revealed
small changes during the rotation of the protractor.
In this situation, some parameters such as focal zone
were out of control [3]. Second, the ‘sand grains’
on the sandpaper were not truly homogeneous in
size. The method of correction used (raw data =
cosine q) may be perfect only when the grains are
homogeneously equal in size.
CONCLUSIONS
We have established a simple model system with
water sandpapers for the evaluation of the twinkling
artifact. Our data confirmed the assumption that the
roughness of the reflecting surface is directly related
to the strength of the twinkling artifact. In addition,
the Doppler angle would affect the intensity of the
artifact only in the steeper angles.
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